The choice of first-line treatment for metastatic pancreatic neuroendocrine tumors (mP-NET) is mainly based on prognostic factors.
Introduction
The prevalence of pancreatic neuroendocrine tumors (P-NET) is 0.32 per 100,000 in the US, and the incidence is rising (Yao et al. 2008) . The median survival is longer than that in pancreatic adenocarcinoma, and patients usually receive several lines of treatments. Metastases occur in 50-80% of cases, predominantly in the liver. Several treatments are now available, either loco-regional (surgery, radiofrequency ablation and liver transarterial 24:2 embolization (TAE)) or systemic (somatostatin analogs (SSA), intravenous or per OS cytotoxic chemotherapy, targeted therapy such as everolimus and sunitinib and peptide receptor radionuclide therapy (PRRT)). We now have data from phase III studies investigating SSA (Caplin et al. 2014) , everolimus (Yao et al. 2011) and sunitinib (Raymond et al. 2011) in P-NET, but only in selected populations. Moreover, patients do not receive all efficient treatments in real life (Berdelou et al. 2016) , and therefore, the choice of the first-line treatment is of crucial importance.
In 2016, the European Neuroendocrine Tumor Society (ENETS) (Pavel et al. 2016 ) and the National Comprehensive Cancer Network (https://www.nccn.org) provided a therapeutic algorithm for the management of metastatic (m) P-NET. The algorithm is based on both patient and tumor characteristics, with three main strategies: Group 1, patients in whom all lesions could be removed; Group 2, patients with Ki67 <10%, low tumor burden, no symptoms and stable disease, for whom a watch-and-wait strategy or somatostatin analogs are proposed; Group 3, symptomatic patients or with Ki67 >10% or significant tumor burden or progressive disease, for whom a systemic chemotherapy is proposed. However, the distribution and outcomes of these three groups are unknown. Moreover, these treatment groups were defined according to prognostic factors such as symptoms, tumor grading, tumor burden, tumor growth rate (TGR) and uptake on somatostatin receptor scintigraphy (SRS), as identified from data available in the literature. This implies that mP-NET must be well characterized. However, very few studies have focused on mP-NET (Panzuto et al. 2011) . Indeed, most studies have pooled either different primary tumor locations of metastatic NET (Durante et al. 2009 ) or poorly and well-differentiated P-NET or different stages of P-NET (Pape et al. 2008b) .
Therefore, the objectives of the present study are to evaluate patient distribution and characteristics, type of first-line treatment and number of treatments received among the three groups of patients defined in ENETS guidelines. We also studied the prognostic factors of mP-NET and treatments given.
Materials and methods

Population
We retrospectively analyzed a consecutive cohort of patients with mP-NET in our institution (ENETS center of excellence) from January 2004 to July 2016. Inclusion criteria were confirmed pathological diagnosis of welldifferentiated P-NET according to the 2010 World Health Organization (WHO) criteria, and stage IV disease with synchronous or metachronous metastases. We also included patients with grade 3 P-NET, but with well-differentiated morphology as recently reported (Heetfeld et al. 2015 , Coriat et al. 2016 ; poorly differentiated neuroendocrine carcinoma (NEC) were excluded.
The following clinical, biological and histological parameters were collected at the time of metastatic disease, either at the initial diagnosis for synchronous disease or at the first occurrence of metastases for metachronous disease: gender, age, ECOG performance status (PS), primary tumor location (head, body or tail of the pancreas), functional status, serum plasma levels of chromogranin A (CgA), serum alkaline phosphatase (ALP), liver tumor involvement, localization and number of metastatic sites, uptake on SRS or 18F-fluorodeoxyglucose positron emission tomography (FDG-PET), Ki67 index and grade. Pathological diagnosis was made or reviewed by two pathologists (V H and J-Y S) from the TENpath Network (Scoazec et al. 2016) , including all G3 mP-NET. Serum levels of chromogranin A (CgA) were considered high when twice the upper limit of normal (ULN). Liver tumor involvement was categorized into two groups: <50% and ≥50% of the liver as evaluated on multiphase CT scan or liver MRI. We also collected the TGR at diagnosis of metastatic disease, which was defined as 'unknown' when patients were immediately treated because of poor prognostic factors as defined in the Group 3 below, 'progressive' when patients had radiological progressive disease according to Response Evaluation Criteria in Solid Tumors (RECIST) criteria assessed by conventional imaging (CT scan or MRI) during the previous 12 months and 'stable disease' in the absence of progressive disease within the previous 12 months. By definition, patients with metachronous mP-NET were recorded as 'progressive' because of the occurrence of new metastases.
Treatment groups defined in ENETS 2016 guidelines
Patients were categorized into three groups of treatment adapted from 2016 ENETS guidelines (Pavel et al. 2016) as follows. Group 1 includes patients with mP-NET in whom all lesions, both primary and metastatic, were removed. Patients with curative surgery and/or radiofrequency ablation of all liver metastases were therefore included in this group. Group 2 includes asymptomatic patients with lowgrade (Ki67 <10%) mP-NET, low tumor burden and stable disease or initial diagnosis (Fig. 3 of the ENETS guidelines 24:2 (Pavel et al. 2016) ). We defined the low tumor burden as a liver tumor involvement <50% and no bone metastasis, in accordance with the French national guidelines (www. tncd.org). Group 3 includes patients with mP-NETS with Ki67 >10% or with a high tumor liver involvement (>50%), or the presence of bone metastasis, or progressive disease, or the presence of tumor burden-related symptoms. In these groups, according to guidelines (Pavel et al. 2016) , the scheduled treatments were a watch-and-wait or SSA for Group 2 and cytotoxic chemotherapy for Group 3.
Treatment
For each systemic treatment, the presence of disease progression before treatment initiation, number of previous lines, the initiation and discontinuation dates of treatment and reason of discontinuation (defined as scheduled following the treatment plan, radiological progression according to RECIST criteria, clinical progression but without radiological progression, grade 3-5 toxicity or patient choice) were recorded. The effectiveness of each treatment was evaluated by the best response (objective response, stable disease and progressive disease) according to RECIST criteria.
Statistical analysis
Categorical variables are expressed as percentages and compared by the chi-square test or with Fisher's exact test when appropriate. Continuous variables are expressed as median and range. Overall survival (OS) was calculated from the date of metastatic diagnosis to the date of death or last follow-up. OS was estimated using the Kaplan-Meier method, and comparisons were performed using the logrank test. For continuous variables, the cut-off chosen was their median value. Only variables with a P value of <0.05 in univariate analysis were introduced in the Cox model. Relative risks were expressed as hazard ratios (HRs) with 95% confidence intervals (CIs). A P value of <0.05 was considered statistically significant. The cut-off date for the final analysis was July 1, 2016. All statistical analyses were performed using Statistical Package for Social Sciences, version 17.0.
Results
Patient characteristics
A total of 104 patients with mP-NET were included, 67 (64%) had synchronous metastases (Table 1 ). In the 37 (36%) patients with metachronous disease, the median time between diagnosis of the primary tumor and first occurrence of metastases was 42 (range: 5-161) months. Sixteen (15%) had functioning mP-NET (Zollinger Elison Syndrome n = 6, insulinoma n = 6, VIPoma n = 2, glucagonoma n = 1, PTH-rp n = 2, and Cushing syndrome n = 1). Most patients had liver metastases (94%) and 12% had bone metastases. All mP-NETs were well differentiated: 9% grade 1, 77% grade 2 and 14% of grade 3. Median Ki67 was 10% (range: 1-60). Among those with available nuclear imaging, most cases had a positive Octreoscan (74/87, 85%) as was the case for FDG-PET (26/32, 81%). According to ENETS guidelines, 15 (15%) were included in Group 1 and treated by complete resection, 16 (15%) should have received watch-and-wait or SSA (Group 2) and 73 (70%) chemotherapy (Group 3). By definition, all patients of Group 2 had no bone metastases, liver tumor burden <50%, Ki67 index <10% and no progressive disease (Table 1 ). All NET-G3 (Ki67 >20%) (n = 14) were by definition in Group 3. Within Group 3, the characteristics of NET-G3 were similar to those of NET-G2, except that they less often had an uptake on Octreoscan (46% vs 88%, P = 0.002; Table 2 ).
Overall survival and prognostic factors
The median duration of follow-up was 31 (range: 3-140) months from the diagnosis of metastatic status. Median OS was 104 (95% CI: 65-143) months (Fig. 1A) . Five-year survival rate was 62%. Median OS was not reached in Groups 1 and 2 and was 64 (95% CI: 35-93) months in Group 3, P < 0.001 (Fig. 1B) . High liver tumor involvement, high-grade tumor and the TGR were significantly associated with a worse OS in univariate and multivariate analyses ( Fig. 2A , B, C and Table 3) . A cut-off at 20% for Ki67, but not 5% and 10% remained significantly associated with OS after multivariate analysis. Among the 73 patients included into Group 3, the grade, the TGR, uptake on Octreoscan, but not the liver tumor volume were associated with OS after univariate analysis (Supplementary Table 1 , see section on supplementary data given at the end of this article). However, only the grade 3 and the TGR ('progressive disease' and 'unknown') remained significantly associated with worse OS after multivariate analysis.
First-line treatment
Treatment received was consistent with ENETS guidelines in 85 of the 104 included patients (82%): 14/15 (93%) 24:2 Table 1 Characteristics of patients with metastatic pancreatic neuroendocrine tumors in accordance with the three groups defined in ENETS 2016 guidelines: Group 1 (complete resection), Group 2 (watch and wait or somatostatin analogs) and Group 3 (cytotoxic chemotherapy).
All patients (n = 104 (100%) (1-9) 2 (1-5) 3 (1-11) 3 (1-11) Median number of lines received among dead patients 7 (7-7) 1 (1-1) 3 (1-11) 3 (1-11) a Other: peritoneum (n = 4), thyroid gland (n = 1), epiglottis (n = 1), subcutaneous (n = 1). b Treatment initiated before tumor slope assessment by CT scan or MRI. PAL, alkaline phosphatase; RFA, radiofrequency ablation; TACE, transarterial chemoembolization; TAE, transarterial embolization; TEP FDG, 18F-fluorodeoxyglucose positron emission tomography.
24:2
of those in Group 1, 16/16 (100%) of those in Group 2 and 54/73 (74%) of those in Group 3. One patient in Group 1 declined proposed liver metastases surgery and subsequently received SSA. Among patients of Group 2, 10 (63%) received SSA upfront and 6 (37%) were followed (watch-and-wait strategy). Thus, 54 patients of Group 3 received cytotoxic chemotherapy which was temozolomide based (n = 28, 52% of those who received cytotoxic chemotherapy) or dacarbazine based (n = 2, 4%), streptozotocin based (n = 14, 26%), oxaliplatin based (n = 6, 11%) or cisplatin etoposide (n = 4, 8%). Among the 19 patients of Group 3 who did not receive chemotherapy, 4 patients underwent liver embolization (2 functioning mP-NET and 2 patients with liver metastases alone); 10 patients received everolimus (patient choice n = 2, less aggressive disease n = 2, inclusion in a clinical trial n = 4, anti-secretory effect n = 2 patients with insulinoma); 5 patients were treated by SSA (n = 4) or watch-andwait strategy (n = 1) because of comorbidities (ongoing treatment for another cancer n = 2, elderly patient with severe comorbidities n = 2, or patient refusal n = 1). No patient received sunitinib or PRRT as first-line treatment.
All treatments received during the course of the disease
During the course of the disease, 30/67 (45%) patients with synchronous mP-NET underwent surgery of their primary tumor. In this group, median OS was 130 (95% CI: 71-188) months, which was longer than that found for the 37 patients who did not undergo primary tumor surgery (OS: 64, 95% CI: 23-104 months). Patients who underwent this surgery more frequently had a tumor in the pancreatic tail (60%; P = 0.01), a low liver tumor volume (83%; P = 0.005) and normal CgA levels (P = 0.02; Table 4 ). Patients received a median 3 (range: 1-11) different lines of treatment. Among the 31 deceased patients, 58% received less than 4 different lines of treatment (firstline only, n = 2, 6%; second line, n = 9, 29%; third line, n = 7, 23%). Nine (30%) patients received 4-6 lines of treatment, and 4 (13%) patients more than 6 lines.
The 104 patients were treated with 306 different systemic treatments. Among them, 99 intravenous and 44 oral chemotherapies were given; among targeted therapy, 54 and 23 received everolimus and/or sunitinib; PRRT was given to 16 patients and 75% of them received it after two other treatments lines (Table 5 ). Among patients treated by SSA, almost all discontinued SSA because of the occurrence of progressive disease. Reasons for discontinuation and effectiveness were similar between intravenous and oral chemotherapies. Sunitinib was given in later lines than everolimus, and the median duration of treatment was shorter. Sunitinib was discontinued because of toxicities (12%) or patient choice (22%) more often than was everolimus (6% and 12%, respectively); for both, the objective response was lower than 10% (Table 5) .
Discussion
We report here the management of mP-NETs according to treatment groups defined in the ENETS 2016 guidelines (Pavel et al. 2016 ). This retrospective study assessing more than 100 patients has several strengths. Firstly, the population is well characterized: functioning status, localization of primary tumor, number and location of metastatic sites, tumor grading and type of treatments were available for all patients (and liver involvement for all but 6); the two pathologists (V H and J-Y S) are members of the TENpath Network and all NET-G3 were reviewed; over three-quarters of patients had Octreoscan data and CgA levels at diagnosis of mP-NETs; for nearly two-thirds of patients, the TGR was available. Thus, it was also possible to study the prognostic factors in a homogeneous population of well-differentiated mP-NETs. Secondly, the management of mP-NETs of this population benefited from the same organization of care since the start of the period considered (2004), which requires that all treatments must be discussed within the setting of multidisciplinary tumor meeting. Furthermore, the study center is an ENETS center of excellence, and the team of physicians has been the same for more than 15 years. We show for the first time the distribution within these three treatment groups described by ENETS (Pavel et al. 2016) . Group 1 (complete resection if feasible) must be interpreted with caution owing to the retrospective nature of the study. This group is dependent on the amount of liver and extrahepatic metastases, which might be underestimated because 68Ga DOTATATE PET/CT was not routinely available in France during the study period. Therefore, in 2016, some patients could have been understaged and wrongly categorized into this group. More interesting is the high proportion of patients in Group 3 (who should have received chemotherapy, 70%) in comparison with Group 2 (watch-and-wait or SSA, 15%). Thus, only a sixth of the patients were in the population defined in the CLARINET study (Caplin et al. 2014) . This proportion may reflect a population bias in our tertiary center to which patients with more aggressive disease are more likely to be referred. There is evidence, however, that this is not the case; OS was very long (median 104 months from diagnosis of mP-NETs and 62% 5-year OS). OS is longer than that in a recent study of 92 patients with unresectable/metastatic P-NET (60-month median OS and 51% 5-year OS) (Berdelou et al. 2016) . Furthermore, this included a minority of welldifferentiated grade 3 NET (NET-G3), that we chose to include in Group 3. We found similar characteristics for NET-G2 and NET-G3, except that NET-G3 had lower uptake on Octreoscan and were thus less eligible for PRRT. Furthermore, we treated them with a similar cytotoxic chemotherapy (streptozotocin or temozolomidebased chemotherapy) as usually used in NET-G2. This management of NET-G3 is consistent with 2016 ENETS guidelines (Pavel et al. 2016) and with recent data showing that this subgroup (that will also be defined in the next WHO classification) appears to benefit from treatments given in NET-G2 rather than those given to patients with poorly neuroendocrine carcinoma (Heetfeld et al. 2015 , Coriat et al. 2016 . Thus, three-quarters of the patients Figure 2 Overall survival (multivariate analysis) of patients with metastatic pancreatic neuroendocrine tumors according to grades (A), tumor liver volume (LV) (B) and tumor growth rate (C). PD, progressive disease; SD, stable disease. required first-line chemotherapy (Group 3), which was 60% in the study reported by Berdelou et al. (2016) . This indicates the need for clinical trials to define the best chemotherapy regimen: intravenous or oral agents; streptozotocin/temozolomide-based or oxaliplatin-based chemotherapy; impact of MGMT status on this choice (Dussol et al. 2015) ; association with bevacizumab (Ducreux et al. 2014) . These three groups clearly associated with different OS, which was much worse in Group 3 than in Groups 1 and 2. OS was slightly better in Group 1 than in Group 2 (non-significant), which could be explained (17) 5 (11) 14 (26) 6 (26) 6 (37.5) ≥4
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14 (20) 24 (24) 11 (25) 9 (17) 11 (48) 6 (37.5) PD (RECIST) before treatment Yes 26 (37) 61 (62) 32 (73) 42 (78) 18 (78) 13 ( (56) 28 (28) 6 (14) 32 (59) 10 (44) 2 (12) Clinical progression (but not RECIST) 3 (4) 6 (6) 2 (4) 1 (2) 3 (13) 0 (0) Scheduled 0 (0) 51 (51) 29 (65) 8 (15) 2 (9) 14 (88) Grade 3-5 toxicity 0 (0) 9 (9) 4 (9) 3 (6) 3 ( Objective response 3 (4) 13 (13) et al. 2008a ,b, Durante et al. 2009 , Hentic et al. 2010 , Panzuto et al. 2011 . At the metastatic stage, we show that TGR appeared to be the most prognostic factor, followed by the proliferative index and liver tumor burden. However, it is clinically more pertinent to better characterize patients of Group 3, which includes patients with heterogeneous prognosis. In the latter, TGR was also the most significant prognostic factor; yet, we are not comfortable as clinicians to wait for the TGR in such patients (Durante et al. 2009 , Panzuto et al. 2011 .
In the present study, nearly half the patients in Group 3 with high tumor burden or high-grade tumors were not assessed for TGR ('unknown') because they were treated upfront. In Group 3, the only other significant prognostic factor was tumor grading using a cut-off of 20% Ki67 as opposed to 5% or 10%. Thus, patients with a NET-G3 had a median OS of 27 months (98 months in Group 3 patients with NET-G1/G2). Other tools are therefore clearly needed to better stratify these patients to investigate whether we have time to prescribe several lines of treatments or not. As far as biological markers are concerned, CgA is known to be a surrogate marker of tumor burden (Baudin et al. 1998) and was associated with a worse OS in univariate analysis, but which was not significant in multivariate analysis. We did not find an association between ALP and OS, as suggested in other studies (Hauck et al. 2016 , Onesti et al. 2016 . A solution may come from the inclusion of molecular prognostic factors (Cwikla et al. 2015 , Schmitt et al. 2016 , Viudez et al. 2016 and/or the development of prognostic scores (Modlin et al. 2010 , Viudez et al. 2016 . It is of note that although the study data were collected from 2004, there was a high degree of consistency between first-line treatments scheduled by 2016 ENETS guidelines and those given in real life. This is explained by the fact that all recommended first-line treatments (surgery, RFA, SSA, cytotoxic chemotherapy) were already available from the outset of data collection (Steinmuller et al. 2008) . The consistency between recommendations and practice decreased to 75% in Group 3, but this was mainly due to 10 patients who received everolimus instead of chemotherapy as first-line treatment, either because of patient or physician choice (insulinoma, clinical trial). This strategy (everolimus first followed by chemotherapy at progression) is currently being explored by the SEQTOR study (NCT02246127).
This study also provides data for treatments given in mP-NET. As reported by Berdelou et al. (2016) , we demonstrate that not all patients will benefit from all approved or recommended therapeutic options in mP-NET. In the present study, just over half of deceased patients received three lines or less. One goal of international research would be to design a prospective multicenter cohort with a very long follow-up to assess the main reasons for this, such as comorbidities, persistent treatment-related toxicity as recently suggested by Berdelou et al. (2016) or too rapid disease progressions in some high-grade mP-NET. We also found that surgery of the primary tumor, more often performed for tumor in the tail of the pancreas and for low-grade tumor and low tumor burden, is associated with a better OS. However, although consistent with other data (Durante et al. 2009 ), this study does not prove that surgery of the primary tumor should be performed for all synchronous mP-NET, as the data are subject to bias.
The present study has some limitations, including its retrospective design, accessibility and habits of treatments given in mP-NET. The full collection of imaging data was not reviewed and thus we were unable to investigate different cut-offs to assess the tumor liver volume. Concerning the median number of treatment lines, the values are underestimated as most patients are alive and will benefit from subsequent treatments. Moreover, the efficacy of everolimus (Yao et al. 2011 ), sunitinib (Raymond et al. 2011 or lanreotide (Caplin et al. 2014) has been recently reported in mP-NET and we expect an increase in their use. This is even more the case for PRRT, which seems very promising in mP-NET, even if this is not as well proven as in midgut NET. All this means that the picture may change in the near future with a wider use of targeted therapies and PRRT.
In conclusion, most patients with mP-NET are in Group 3 and require chemotherapy upfront according to ENETS guidelines. We also report that most patients do not receive all available treatments, which points out, yet again, the critical importance of the selection of firstand second-line treatments. Thus, trials are warranted to improve first-line chemotherapy.
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